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CLAIMS 



[Claim(s)] 

[Claim 1] In the drive wave generation equipment of the ink jet type print head which at 
least one generates the drive wave currently assumed, and drives a print head according 
to gradation data using this drive wave A data-point preservation means to have a 
data-point group for generating said drive wave, The data-point read-out means which 
chooses at least one data point used out of said data-point group, and reads the this 
chosen data point, The data-point generation means which performs predetermined data 
processing to said data point read by this data-point read-out means, and makes a drive 
wave, A digital to analog means to carry out the digital to analog of the data of said drive 
wave made by this data-point generation means, and to output as an analog signal, Drive 
wave generation equipment of the ink jet type print head characterized by having a signal 
magnification means to amplify said analog signal outputted by this digital to analog 
means. 

[Claim 2] In the drive wave generation equipment of the ink jet type print head which at 
least one generates the drive wave currently assumed, and drives a print head according 
to gradation data using this drive wave A data-point preservation means to have a 
coordinate data group for generating said drive wave, The data-point read-out means 
which chooses one drive wave used out of said drive wave, and reads the coordinate data 
group for these drive waves, The data-point interpolation means which interpolates the 
value between points to said coordinate data group read by this data-point read-out 
means, and makes a drive wave, A digital to analog means to carry out the digital to 
analog of the data of said drive wave made by this data-point interpolation means, and to 
output as an analog signal, Drive wave generation equipment of the ink jet type print head 
characterized by having a signal magnification means to amplify said analog signal 
outputted by this digital to analog means. 

[Claim 3] Drive wave generation equipment of the ink jet type print head which two or 
more preparation of said coordinate data group is carried out, and is characterized by 
reading either of these coordinate data groups by which two or more preparation is 
carried out, making the drive wave corresponding to gradation data suitably, and driving a 
print head using this drive wave in the drive wave generation equipment of an ink jet type 
print head according to claim 2. 
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[Claim 4] Drive wave generation equipment of the ink jet type print head characterized 
by reading said coordinate data group, making one drive wave in the drive wave 
generation equipment of an ink jet type print head according to claim 2, using the part of 
this drive wave alternatively, and driving a print head according to gradation data. 
[Claim 5] Drive wave generation equipment of the ink jet type print head characterized 
by reading alternatively said a part of coordinate data group, making the drive wave 
corresponding to gradation data suitably in the drive wave generation equipment of an ink 
jet type print head according to claim 2, and driving a print head using this drive wave. 
[Claim 6] In the case of the gradation which forms a dot using said drive wave in the drive 
wave generation equipment of an ink jet type print head according to claim 2 to 5, it is 
drive wave generation equipment of the ink jet type print head characterized by including 
a trapezoidal wave in the drive wave generated. 

[Claim 7] In the case of the gradation which does not form a dot using said drive wave in 
the drive wave generation equipment of an ink jet type print head according to claim 2 to 
5, it is drive wave generation equipment of the ink jet type print head characterized by 
the drive wave generated being a straight line. 

[Claim 8] Drive wave generation equipment of the ink jet type print head characterized 
by having further an amendment means to amend said coordinate data in consideration 
of the condition of the ink in the case of printing, in the drive wave generation equipment 
of an ink jet type print head according to claim 2 to 7. 

[Claim 9] Drive wave generation equipment of the ink jet type print head characterized 
by taking into consideration the condition of the ink in the case of printing based on 
environmental temperature at least in the drive wave generation equipment of an ink jet 
type print head according to claim 8. 

[Claim 10] Drive wave generation equipment of the ink jet type print head characterized 
by taking into consideration the condition of the ink in the case of printing based on 
environmental humidity at least in the drive wave generation equipment of an ink jet type 
print head according to claim 8. 

[Claim 1 1] In the drive wave generation equipment of an ink jet type print head according 
to claim 1 to 10 said signal magnification means It consists of the amplifying circuit 
containing the fixed resistance for impressing the regular predetermined electrical 
potential difference between base emitters, in order to operate one pair of transistors to 
which the mutual emitter was connected, and the transistor of this 1 pair in an active 
region. When the electrical potential difference between said base emitters rises by 
self-generation of heat of one pair of said transistors, in order to decrease this electrical 
potential difference between base emitters Drive wave generation equipment of the ink 
jet type print head characterized by connecting to juxtaposition the negative resistance 
device which has the same resistance as said fixed resistance in the reference 
temperature before said one pair of self-generation of heat of a transistor so that the 
by-pass of this fixed resistance may be carried out. 

[Claim 12] It is drive wave generation equipment of the ink jet type print head 
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characterized by said negative resistance device being a thermistor in the drive wave 
generation equipment of an Inkjet type print head according to claim 1 1. 
[Claim 13] A wave generation means to generate the predetermined drive wave for 
driving a print head, In the drive wave generation equipment of an ink jet type print head 
equipped with the wave magnification means for amplifying the drive wave generated by 
this wave generation means, and being impressed by the print head One pair of 
transistors to which, as for said wave magnification means, the mutual emitter was 
connected, It consists of the amplifying circuit containing the fixed resistance for 
impressing the regular predetermined electrical potential difference between base 
emitters, in order to operate the transistor of this 1 pair in an active region. When the 
electrical potential difference between said base emitters rises by self-generation of 
heat of one pair of said transistors, in order to decrease this electrical potential 
difference between base emitters Drive wave generation equipment of the ink jet type 
print head characterized by connecting to juxtaposition the negative resistance device 
which has the same resistance as said fixed resistance in the reference temperature 
before said one pair of self-generation of heat of a transistor so that the by-pass of this 
fixed resistance may be carried out. 

[Claim 14] In the drive wave generation method of the ink jet type print head which at 
least one generates the drive wave currently assumed, and drives a print head according 
to gradation data using this drive wave The step which saves the coordinate data group 
for generating said drive wave beforehand for the data-point preservation means, The 
step which chooses one drive wave used out of said drive wave, and reads the coordinate 
data group for these drive waves from said data-point preservation means with a 
data-point read-out means, The step which interpolates the value between points with a 
data-point interpolation means to said coordinate data group read by this data-point 
read-out means, and makes a drive wave, The step which carries out analogue 
conversion of the data of said drive wave made by this data-point interpolation means 
with a digital to analog means, and is outputted as an analog signal, The drive wave 
generation method of the ink jet type print head characterized by having the step which 
amplifies said analog signal outputted by this digital to analog means with a signal 
magnification means. 

[Claim 15] The drive wave generation method of the ink jet type print head characterized 
by having the step which amends the drive wave read by said data-point read-out means 
in consideration of the condition of the ink in the case of printing based on environmental 
temperature further at least in the drive wave generation method of an ink jet type print 
head according to claim 14. 

[Claim 1 6] In the drive wave generation method of an ink jet type print head according to 
claim 15, the step which amends a drive wave based on said environmental temperature 
Furthermore, the step which detects the present temperature by the temperature 
detecting element and the step which calculates difference with the present temperature 
based on the fundamental-wave form of predetermined temperature, The drive wave 
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generation method of the ink jet type print head characterized by repeating these steps 
for every printing for 1 page including the step which generates the wave which was 
suitable for the present temperature based on said difference, and the step which 
outputs the this generated wave. 

[Claim 17] In the drive wave generation equipment of the ink jet type print head which at 
least one generates the drive wave currently assumed, and drives a print head according 
to gradation data using this drive wave A data-point preservation means to have the data 
constellation of a partial wave for generating said drive wave, The data-point generation 
means which chooses two or more partial waves used out of the data constellation of 
said partial wave, and makes a drive wave combining these two or more partial waves, A 
digital to analog means to carry out the digital to analog of the data of said drive wave 
made by this data-point generation means, and to output as an analog signal, Drive wave 
generation equipment of the ink jet type print head characterized by having a signal 
magnification means to amplify said analog signal outputted by this digital to analog 
means. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the drive wave generation equipment and 
the drive wave generation method of the ink jet type print head which can generate a drive 
wave programmably only by changing the coordinate data made to memorize beforehand 
especially about the drive wave generation equipment and the drive wave generation 
method of an ink jet type print head which can form the dot from which a gradation value 
differs by driving a print head according to gradation data. 
[0002] 

[Description of the Prior Art] The ink jet-type printer has the print head equipped with 
many nozzles in the direction of vertical scanning (perpendicular direction), this print head 
is moved to a main scanning direction (horizontal) according to a carriage device, and a 
desired printing result is obtained by performing predetermined paper feed. Based on the 
dot pattern data which come to develop the print data inputted from the host computer, an 
ink droplet is breathed out from each nozzle of a print head to predetermined timing, 
respectively, and when each of these ink droplets reach the target and adhere to printing 
storages, such as the recording paper, printing is performed. Thus, since an ink jet-type 
printer is what does not carry out whether the regurgitation of the ink droplet is carried 
out, or [ that is, ] performs on-off control of a dot, the way things stand, it cannot carry out 
the printout of the middle gradation, such as gray. Then, the method of realizing middle 
gradation conventionally by expressing one pixel by two or more dots of 4x4 and 8x8 grade 
is adopted, and the technique which raises a gradient by making the ink droplet of weight 
which is different from the same nozzle for every dot breathe out further, and controlling 
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the diameter of a dot in the record paper to adjustable is adopted. Thus, in order to make 
two or more ink droplets from which ink weight differs from the same nozzle breathe out, it 
is required to change the drive wave of a head according to it. 

[0003] By the drive wave generation method of the conventional ink jet type print head, 
the Pulse-Density-Modulation (PWM) method was generating the desired drive wave, for 
example using the circuit constituted by the hybrid IC by taking a charge in and out of the 
pressure generating component (piezoelectric transducer) which constitutes the output 
side of a head drive circuit (charge pump method). 

[0004] The head drive circuit of this conventional example and the generated conceptual 
diagram of a drive wave are shown in drawing 13 (a) and (b). 

[0005] Namely, the piezoelectric transducer C which will displace if an electrical potential 
difference is impressed, and carries out the regurgitation of the ink droplet forming the 
capacitor of an output side, as the conventional head drive circuit is shown in drawing 13 
(a) It has the configuration connected to the resistance R1-R6 from which resistance differs, 
respectively. The connection between a piezoelectric transducer C and each resistance 
R1-R6 it was switched by the transistor, respectively and ON/OFF of each transistor of 
these was controlled by the pulse in the PWM mentioned above, respectively. 
[0006] Moreover, as the drive wave generated is shown in drawing 13 (b), an electrical 
potential difference is decided by ON time amount (pulse width in PWM) of each transistor, 
and the inclination is decided by CR time constant in connection with the piezoelectric 
transducer C and each resistance R1-R6 which were mentioned above. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in order to acquire a desired wave, it 
is required to use a complicated timing pulse in the drive wave generation method using 
the PWM mentioned above. 

[0008] And since the closed loop was not necessarily constituted in the head drive circuit so 
that clearly from drawing 13 (a), the timing adjustment to the variation in the 
configuration component of resistance Rl - R6 grade was very troublesome. Moreover, if, 
in order to close current and more gradation expressions, the further 
multiple-value-ization of a dot is also considered, but since a drive wave becomes more 
complicated than now when this is adopted, there is a problem that it cannot respond, by 
the conventional drive wave generation method. 

[0009] This invention is made in view of the above various technical problems, and the 
purpose is in offering the drive wave generation equipment and the drive wave generation 
method of the ink jet type print head which can acquire a desired drive wave 
programmably by easy actuation. 

[00 10] Moreover, they are to offer the drive wave generation equipment and the drive wave 
generation method of an ink jet type print head which can generate a large number and a 
complicated drive wave in order to close many gradation expressions, if other purposes of 
this invention are possible. 
[0011] 
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[Means for Solving the Problem] Predetermined data processing is performed to the read 
data point, and a drive wave is made, with the drive wave generation equipment of the ink 
jet type print head which starts this invention for the above-mentioned purpose 
achievement, the data-point group for drive wave generation is saved beforehand, at least 
one data point used out of this data -point group is chosen, and it reads, after carrying out 
D/A conversion of the signal of this drive wave, it amplifies, and he is trying to output. 
[0012] Namely, in invention concerning claim 2, at least one generates the drive wave 
currently assumed, and it sets to the drive wave generation equipment of the ink jet type 
print head which drives a print head according to gradation data using this drive wave. A 
data-point preservation means to have a coordinate data group for generating said drive 
wave, The data-point read-out means which chooses one drive wave used out of said drive 
wave, and reads the coordinate data group for these drive waves, The data-point 
interpolation means which interpolates the value between points to said coordinate data 
group read by this data -point read-out means, and makes a drive wave, A digital to analog 
means to carry out the digital to analog of the data of said drive wave made by this 
data-point interpolation means, and to output as an analog signal, It is characterized by 
having a signal magnification means to amplify said analog signal outputted by this digital 
to analog means. 

[0013] The coordinate data group for drive wave generation is saved beforehand, the 
coordinate data group of a drive wave used according to gradation data is read, and it is 
used. Therefore, a drive wave can be programmably generated only by changing the 
coordinate data group saved beforehand. Since the value between points is interpolated to 
this coordinate data group, it becomes generable [ a drive wave ]. By carrying out D/A 
conversion of the interpolated coordinate data, a drive wave is generated as an analog 
signal. It is amplified and this signal by which D/A conversion was carried out is outputted 
until it can drive a head. A desired drive wave can be programmably acquired by easy 
actuation by this, and a predetermined drive wave can be generated in a perfect form. 
[0014] In invention which starts here at claim 3, two or more preparation is carried out, 
and said coordinate data group reads either of these coordinate data groups by which two 
or more preparation is carried out, makes the drive wave corresponding to gradation data 
suitably, and is characterized by driving a print head using this drive wave. 
[0015] Moreover, in invention concerning claim 4, said coordinate data group is read, one 
drive wave is made, the part of this drive wave is used alternatively, and it is characterized 
by driving a print head according to gradation data. 

[0016] Moreover, in invention concerning claim 5, said a part of coordinate data group is 
read alternatively, the drive wave corresponding to gradation data is made suitably, and it 
is characterized by driving a print head using this drive wave. 

[0017] Furthermore, in invention concerning claim 5, it is characterized by including a 
trapezoidal wave at the drive wave generated in the case of the gradation which forms a 
dot above. 

[0018] On the other hand, in invention concerning claim 7, it is characterized by the drive 
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wave which is generated in the case of the gradation which does not form a dot above being 
a straight line. 

[0019] Moreover, invention concerning claim 8 is characterized by having further an 
amendment means to amend said coordinate data in consideration of the condition of the 
ink in the case of printing. 

[0020] Since coordinate data is amended in consideration of the condition of the ink in the 
case of printing by this the time of the coordinate data group for drive wave generation 
being saved beforehand, and in actual printing even if a difference arises in an 
environmental condition, a desired drive wave is correctly generable. 
[0021] In invention which starts here at claim 9, it is characterized by taking into 
consideration the condition of the ink in the case of printing based on environmental 
temperature at least. 

[0022] Therefore, even if the environmental temperature under printing is different from 
the temperature at the time of the above-mentioned drive wave assumption, the 
generation of a drive wave of the request suitable for the environmental temperature 
concerned is possible. 

[0023] On the other hand, in invention concerning claim 10, it is characterized by taking 
into consideration the condition of the ink in the case of printing based on environmental 
humidity at least. 

[0024] Thereby, also when the environmental humidity under printing is different from the 
time of a drive wave assumption, the drive wave of the request suitable for the 
environmental humidity concerned can be generated. 

[0025] In invention concerning claim 11, furthermore, said signal magnification means It 
consists of the amplifying circuit containing the fixed resistance for impressing the regular 
predetermined electrical potential difference between base emitters, in order to operate 
one pair of transistors to which the mutual emitter was connected, and the transistor of 
this 1 pair in an active region. When the electrical potential difference between said base 
emitters rises by self-generation of heat of one pair of said transistors, in order to decrease 
this electrical potential difference between base emitters It is characterized by connecting 
to juxtaposition the negative resistance device which has the same resistance as said fixed 
resistance in the reference temperature before said one pair of self-generation of heat of a 
transistor so that the by-pass of this fixed resistance may be carried out. 
[0026] Even if self-generation of heat of a transistor arises, the electrical potential 
difference between base emitters is decreased by lowering resistance by the negative 
resistance device, and the thermal run away of this transistor can be prevented, enabling 
wave-like magnification in a short time extremely in operating a transistor in an active 
region. 

[0027] A thermistor can be used as said negative resistance device. 

[0028] Moreover, in invention concerning claim 17, the data constellation of a partial wave 
for generating a drive wave is saved, two or more partial waves used out of the data 
constellation of this partial wave are chosen, and it is characterized by making a drive 
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[0029] A drive wave can be programmably generated only by changing the data 
constellation of a partial wave saved beforehand, or changing those selections and how 
combining. 
[0030] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained to a detail based on a drawing. 

[0031] The drive wave generation equipment concerning the gestalt of operation of the 1st 
of this invention is used for the ink jet printer which makes the ink droplet of the amount 
of ink according to the drive wave concerned breathe out from each nozzle by generating 
two or more drive waves for making the ink droplet of the amount of ink different, 
respectively breathe out, and operating the pressure generating component prepared by 
these drive waves corresponding to each of two or more nozzles of a print head. 
[0032] As the drive wr< v e generation equipment of the gestalt of this operation is shown in 
drawing 1 , two or more drive wave a-f which consists of the trapezoidal wave which took 
into consideration the ink condition in predetermined temperature beforehand is assumed. 
The data -point preservation section 1 which saves the data of two or more points (breaking 
point of the trapezoidal wave displayed all over [ X ] drawing) in two or more drive wave a-f 
of each as digital data of a coordinate value, It is based on gradation data during printing. 
Among two or more drive wave a-f from the data-point preservation section 1 A desired 
drive wave Data-point read-out section 3A which reads alternatively the data of the 
coordinate value of two or more points (ten breaking points displayed by X) in (for example, 
the drive wave e), Temperature compensation section 3B which carries out temperature 
compensation of the data of the coordinate value of two or more points (it is the same ten 
breaking points displayed by X in the drive wave e, and the following) which data-point 
read-out section 3A began to read, and outputs them based on the difference of current 
temperature and the above-mentioned predetermined temperature, Data-point transducer 
3C which changes into the value of a relative coordinate the data of the coordinate value of 
two or more points which temperature compensation section 3B outputted from the value 
of an absolute coordinate, The data-point interpolation section 5 which interpolates the 
value between points to the data of the relative-coordinate value of two or more points 
which data-point transducer 3C outputted, and generates a wave, It has the D/A 
transducer 7 which carries out the digital to analog of the data of a drive wave of the 
request which was interpolated by the data-point interpolation section 5 and generated, 
and is outputted as an analog signal, and the signal amplifier 9 which amplifies the analog 
signal showing the drive wave of the request outputted by the D/A transducer 7. 
[0033] The coordinate value of the system of coordinates which were constituted by ROM 
in a printer controller, made time amount the axis of abscissa of two or more points (it 
displays in [ X ] drawing 1 ) in two or more drive wave a-f which asked for the electrical 
potential difference etc. in consideration of the ink condition in predetermined 
temperature beforehand, and made the axis of ordinate the electrical potential difference is 
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saved in the predetermined storage region of the ROM concerned so that the data-point 
preservation section 1 may be mentioned later. 

[0034] Similarly data-point read-out section 3A is constituted by CPU in a printer 
controller, and reads alternatively the data of the coordinate value of two or more points 
(ten breaking points displayed by X) in the drive wave (for example, the drive wave e) of 
the request corresponding to gradation data from the data-point preservation section 1. 
[0035] Since the resistance of a thermistor will decrease if temperature compensation 
section 3B is constituted by the CPU concerned and the thermistor prepared in the print 
head so that it might mention later, for example, temperature rises The resistance value 
change between the predetermined temperature at the time of a drive wave assumption 
and current temperature is changed into an electrical signal, and the data of the 
coordinate value of two or more points (for example, it is the same ten breaking points 
displayed by X in the drive wave e and the following) which data-point read-out section 3A 
read in response to this electrical signal are amended. Data-point transducer 3C is also 
constituted by the CPU concerned, and performs conversion count for the data of the 
coordinate value of two or more points which temperature compensation section 3B 
outputted from the value of an absolute coordinate to the value of a relative coordinate. 
[0036] By the data -point interpolation section's 5 being constituted by the gate array, and 
applying interruption to this data-point interpolation section 5 (gate array), interpolation 
count of the value between points is carried out, and a wave is generated. The D/A 
transducer 7 is constituted by D/A converter 7A and low pass filter (LPF) 7B. With the 
gestalt of this operation, the thing for the videos of 10 bits and 50MPS (conversion speed 
can be responded to 50MHz) was used for D/A converter 7A. 

[0037] In addition, the clock with a frequency of 40MHz was outputted from the oscillator 
circuit in the printer controller mentioned later, dividing of this clock was carried out in 
the gate array (it is dropping to one half), and it was made the 20MHz clock, and decided to 
use by the D/A transducer 7. Moreover, although 16-bit data were given to the gate array 
which constitutes the data-point interpolation section 5 from a CPU which constitutes 
data-point transducer 3C etc. and being calculated by 16 bits also in the gate array to it, 
10-bit data were given to D/A converter7A. In a gate array, the number of bits is enlarged, 
sums are done and this is for adopting 10 bits of high orders of the added result, and 
outputting to D/A converter 7A, as a calculation error is not stored up. The signal amplifier 
9 is constituted by the amplifying circuit (amplifier), and amplifies and outputs the signal 
of a drive wave in which analogue conversion was carried out by the D/A transducer 7 to 
the electrical potential difference which can drive a print head (piezoelectric transducer). 
Drive wave e' of the request in which temperature compensation was carried out by the 
above and by which analogue conversion was carried out is generated. 
[0038] Hereafter, in addition to drawing 1 , an operation of the drive wave generation 
equipment of the gestalt of this operation is explained also with reference to drawing 2 - 
drawing 10 . 

[0039] In order to use the drive wave generation equipment of the gestalt of this operation 
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As mentioned above, the axis of abscissa of two or more breaking points (it displays in [ X ] 
drawing 1 ) which can be set to two or more drive wave a-f which the designer of a printer 
asked for the electrical potential difference etc. in consideration of the ink condition in 
predetermined temperature beforehand First, the time amount t The absolute coordinate 
value in the system of coordinates which made the axis of ordinate the electrical potential 
difference v is written in and saved in the predetermined storage region of the data-point 
preservation section 1 (ROM). With the gestalt of this operation, 25 degrees C was usually 
made into the above-mentioned predetermined temperature made into a room temperature 
in view of the operating environment temperature of the usual printer being 40 degrees C 
[ 10 degrees C - ] of abbreviation. 

[0040] namely, ten breaking points e0-e9 of a data point which will be to the base in 25 
degrees C as shown in drawing 2 if it drive wave e becomes - it saves by value (X0, Y0) - 
(X9, Y9) of the absolute coordinate which made each axis of abscissa time amount t, and 
made the axis oi ordinate the electrical potential difference v. Only the number will be 
performed if there are six kinds of drive waves of the print head of the ink jet printer 
concerned about the same activity, for example. 

[0041] Thus, since what is necessary is just to save each breaking point, e0-e9, of a data 
point which is to the base in 25 degrees C by the data of such an absolute coordinate in the 
gestalt of this operation, the data input activity by the printer designer is easy, and 
desirable also from a user interface. [ for example, ] 

[0042] now, if printing by the ink jet printer using the drive wave generation equipment of 
the gestalt of this operation is performed, as shown in drawing 1 , it can set to the desired 
drive wave e, for example, a drive wave, among two or more drive waves from the storage 
region which the data-point preservation section 1 mentioned above by data-point read-out 
section 3A based on gradation data - two or more data of e0-e9 are read alternatively. 
[0043] then ■■ this - it was read - as shown in drawing 1 , the data of e0-e9 are 
predetermined spacing, and are amended by two or more temperature compensation 
section 3B based on a difference (the environmental temperature under printing, and the 
above-mentioned 25 degrees C). 

[0044] Ink is soft at an elevated temperature and becomes hard at low temperature. The 
time of saving the coordinate data of a drive wave in the data-point preservation section 1 
beforehand, and in actual printing, the temperature in a printer rises with the heat which 
environmental temperature may be different and various components emit during printing. 
Therefore, it is because it is necessary to amend the electrical potential difference applied 
to the head of a drive wave which is to the base in the above-mentioned 25 degrees C 
according to temperature printer in use. 

[0045] also in the conventional head drive circuit , although temperature compensation be 
perform for example , to the drive wave add to a head by change ON time amount of the 
transistor mentioned above based on the signal from a thermistor etc. according to the 
well-known temperature compensation type whenever printing for 1 page be complete , 
with the gestalt of this operation , the data of the coordinate value of two or more points of 



10/21 



Japanese Publication number : H'020203 A 



a drive wave read by data point read-out section 3A be amend . 

[0046] For example, according to a well-known temperature compensation type, as the 
drive wave e is shown in drawing 3 , when lower on an electrical potential difference lower 
when the environmental temperature under printing has driver voltage VH and 
intermediate voltage VC higher than 25 degrees C than 25 degrees C, it is amended by it so 
that it may become a higher electrical potential difference, and two or more data of the 
coordinate value of e0*e9 are mainly amended according to this. Also with the gestalt of 
this operation, whenever printing for 1 page is completed, this temperature compensation 
shall he performed. Specifically When inputted into CPU from which the resistance value 
change of the thermistor prepared in the print head is changed into an electrical signal, 
and constitutes temperature compensation section 3B, CPU According to the well-known 
temperature compensation type (function) saved beforehand at ROM, generation of a drive 
wave is made based on the data of the coordinate value with which two or more e0-e9 were 
amended [ in / amend two or more data of the coordinate value of the absolute coordinate of 
e0-e9, and / future printings for 1 page ] of the drive wave e. 
[0047] Drawing 4 is a flow chart which shows this temperature compensation. 
[0048] That is, first, as shown in drawing 4 , a thermistor detects the present temperature 
as a temperature detecting element (S401), and difference with the present temperature is 
calculated based on a 25-degree C fundamental-wave form (S402). Then, the wave which 
was suitable for current temperature based on this difference is generated (S403), and the 
this generated wave is outputted (S404). These steps will be repeated for every printing for 
1 page (S405, S406). 

[0049] After this temperature compensation, conversion to the relative -coordinate value of 
the wave-like data of two or more points and interpolation of the value between points are 
made based on the data of the amended coordinate value of two or more points. 
[0050] First, the data of the absolute coordinate value of two or more breaking points by 
which temperature compensation was carried out are changed into the data of a 
relative -coordinate value by data-point transducer 3C. Here, an absolute coordinate value 
is a coordinate value which expressed each breaking point with two, the value of a 
corresponding axis of abscissa, and the value of an axis of ordinate, in the system of 
coordinates which made the axis of abscissa time amount t, and made the axis of ordinate 
the electrical potential difference v. On the other hand, a relative -coordinate value is a 
coordinate value which expressed each breaking point with the value how much to move 
from the coordinate of the last breaking point. 

[0051] Here, the reason for changing the data of two or more breaking points into a 
relative-coordinate value from an absolute coordinate value is explained. Six breaking 
points (for example, part to [ above-mentioned ] e0-e5 of the drive wave e) of a drive wave 
which contain a trapezoidal wave in drawing 5 (a) and (b) are shown as an absolute 
coordinate value and a relative -coordinate value, respectively. In addition, as the grid 
shown with a broken line in drawing 5 (b) is shown in this drawing, the conversion 
(sampling) period according [ the grid of deltaV and width ] to next D/A converter 7A in a 
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vertical grid is expressed. The output voltage of a drive wave by D/A converter 7A is to 
0-2V, and since analogue conversion of the 10-bit digital data is carried out, the output 
voltage will sway from 0V (0000000000) before 2V (llllllllll). Since between 0-2V is 
divided into 1024 kinds, the pressure up of about 2mV, i.e., 2mV per step, deltaV is carried 
out. 

[0052] In an absolute coordinate, as shown in drawing 5 (a), the inclination of the start 
part of the beginning of the drive wave e is called for by delta V=Yn+lYn/Xn+l*Xn. 
[0053] On the other hand, by the relative coordinate, as shown in drawing 5 (b), if it is set 
to N 2= 2 and deltaV is added two N, in the start part of the beginning of the drive wave e, 
it turns out that it can move to the following breaking point (N3, delta V). 
[0054] Thus, if the data of the absolute coordinate value of two or more breaking points are 
changed into the data of a relative-coordinate value by data-point transducer 3C, next 
interpolation count can be performed only by addition. That is, although the data of an 
absolute coordinate value may not be [ count speed ] of use since count (division process) of 
deltaV is included since it calculates by carrying out a guide peg serially for every block in 
this gate array, although a gate array constitutes the data-point interpolation section 5, it 
is because the data of deltaV are beforehand called for by CPU, so the data of a 
relative-coordinate value are of use enough. Before the signal which asks a gate array for 
the following drive wave comes so to speak, preparation and count of a drive wave which 
will change to the degree in the direction of CPU will be carried out. 

[0055] For example, the amount which should move to e6 point fromeS e drive waves 
shown in drawing 6 (a) is calculated as follows. 

[0056] First, when the number of steps of count of count =Tn+l*Tn/S (sampling time) and 1 
sampling time is made into delta V=Vn+l-Vn / count of count, as the count of count in n and 
the n+1 section is shown in drawing 6 (b), the amount which should move to n+1 from n is 
calculated. 

[0057] The number of steps which should go up whenever the number of steps of 1 
sampling time, i.e., a l*time clock, enters from the value of deltaV is called for, and the 
movement magnitude from n to n+1 is calculated using this. 

[0058] Next, when the data-point interpolation section 5 interpolates the value between 
points to the data of the relative-coordinate value of two or more breaking points which 
data-point transducer 3C changed, the drive wave in consideration of the environmental 
temperature mentioned above is made. 

[0059] It is set to the gate array which constitutes the data-point interpolation section 5 
(the count of count is set to the counter inside a gate array), a gate array performs required 
interpolation count, and the value of the count of count mentioned above and deltaV 
outputs the drive wave by which the value between points was interpolated. 
[0060] As shown in drawing 7 (a), the section 1 (from el to e2) and the section 2 (from e2 to 
e3) in the drive wave e mentioned above are considered. Among these, if the electrical 
potential difference of the terminal point e2 of Vn and the section 1 is set to Vn+1 for the 
electrical potential difference of the origin el of the section 1, since the value of deltaV is 
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calculated, electrical-potential-difference Vm+1 of the electrical potential difference Vm of 
the m-th count of count and the m+lst counts of count can be calculated by the flow shown 
in drawing 7 (b). That is, as the wave output of the section 1 shown in drawing 7 (a) is 
shown in drawing 7 (b), it is judged whether Cm+l=Cm+l is smaller than the count of 
count (Si). That is, if add to a front value every [ 1 ] and it counts, and count is continued 
while it is smaller than the count of count and it is set to Vm=Vm+l+deltaV in order have 
a counter in the interior, to count with 1, 2, 3, and 4, to reset if it becomes the value of a 
certain setup, and to start the count of the next section 1 (S2), it will output to the D/A 
transducer 7 (S3), such count - the section 1, the section 2, the section 3, and .... the drive 
wave by which the value between points was interpolated till Section n repeatedly is 
outputted. 

[0061] Then, analogue conversion of the data of a drive wave of the request which was 
interpolated by the data-point interpolation section 5 and made is carried out by the D/A 
transducer 7, and they are outputted as an analog signal. 

[0062] Since the data calculated by the data-point interpolation section 5 which consists of 
a gate array through ROM and CPU are digital data, in order to generate a drive wave 
completely, D/A converter 7A and low pass filter (LPF) 7B of the D/A transducer 7 are used 
for this data, and it is changed into an analog signal. 

[0063] The timing chart for explanation of this D/A converter 7A of operation is shown in 
drawing 8 . 

[0064] As shown in drawing 8 (a), the 10-bit digital data which was outputted by the 
data-point interpolation section 5 and which is shown in this drawing (b) is changed into 
analog output by D/A converter 7A under a clock with a frequency of 20MHz, as shown in 
this drawing (c). Since it is based on a clock with a frequency of 20MHz, it has been 50ns 
between the start of a clock. As shown in drawing 8 (a), (b), and (c), 10-bit digital data is 
changed into analog output, and it was made to add the following data in the time amount 
for 50ns between the start of a clock in the start of a clock. 

[0065] The output by D/A converter 7A contains harmonic content stair-like corresponding 
to the conversion period. Therefore, when the output of D/A converter 7A passes LPF7B, 
this harmonic content is removed. 

[0066] Furthermore, the analog signal showing the drive wave of the request outputted by 

the D/A transducer 7 is amplified by the signal amplifier 9, and is outputted. 

[0067] In D/A converter7A, since 10"bit digital data is changed into analog output, the 

output voltage will sway from 0V (0000000000) before 2V (ll 111 11 111). 

[0068] However, since the electrical potential difference of abbreviation 40V is needed for 

driving a head (piezoelectric transducer), the analog signal outputted by the D/A 

transducer 7 is amplified to this electrical potential difference by the signal amplifier 9. 

[0069] The configuration of the amplifying circuit (amplifier) used for this signal amplifier 

9 is shown in drawing 9 . 



[0070] As this amplifying circuit (amplifier) is shown in drawing 9 , it has the configuration 
with which one pair of transistors Q5 and Q6 were connected to one pair of transistors Ql 



13/21 



Japanese Publication number : 11*020203 A 



and Q2, and the 3rd step in one pair of transistors Q3 and Q4, and they were connected to 
the 1st step in a capacitor and resistance in operational amplifier 9A and the 2nd step at 
the 4th step, respectively as shown in drawing, and one pair each of transistors be 
connected so that Miller circuit be constituted, this - amplifier - an input terminal - 21 - 
inputting - having had - D/A - a transducer - seven - from - an output signal - an 
operational amplifier - nine - A - a transistor - Q - one - and - Q - two - Q - three - 
and - Q - four - Q - five - and - Q - six - minding - zero - V ■ 40 - V - between - 
swaying - a request - a drive - a wave e - ' (refer to drawing 1 ) - from - changing - a 
driving signal - ****** •* an output terminal - 22 - from - outputting - having - a head 
(piezoelectric transducer) 23 - driving . 

[0071] In order to amplify to the drive wave formed to 0-40 V in a short time of 2 
microseconds (microsecond), he is trying to make it operate in an active region in the 
amplifying circuit (amplifier) shown in drawing 9 by passing Q5 and always passing a 
current to Q6 with transistors Q3 and Q4 (the so-called Class A actuation of amplifier). 
Namely, as shown in drawing 9 , the 30mA current is always passed between the collector 
emitters of transistors Q3 and Q4. The 16.2*ohm resistance 25 is made to intervene 
between the collector collectors of these transistors Q3 and Q4. Between the base emitters 
of transistors Q5 and Q6 as a product with a current [ this ] of 30mA and a resistance of 
16.2 ohms V=IR (Ohm's law) - 30[mA] xl6.2[omega] =0.486= - by impressing the 
electrical potential difference of about 0.5 [V], the several mA current is always passed 
between the collector emitters of transistors Q5 and Q6. Although magnification in a short 
time of 2 microseconds (microsecond) is attained by this, it will be necessary to prevent the 
so-called thermal run away about transistors Q5 and Q6 by having adopted the circuitry 
mentioned above. 

[0072] That is, as shown in drawing 10 (a), a rise of temperature changes a silicon 
semi-conductor from the condition which the IC(collector current)-VBE (electrical potential 
difference between base emitters) property showed in this drawing as the continuous line 
like the condition which shows by the dotted line. 

[0073] However, since the electrical potential difference between the base emitters of 
transistors Q5 and Q6 is always maintained to about 0.5 [V] as mentioned above, the 
collector current of transistors Q5 and Q6 increases, and the IOVBE property is further 
shifted to the left-hand side of this drawing by this collector dissipation (generation of 
heat), as an alternate long and short dash line shows to drawing 10 (a). Therefore, there is 
a possibility of transistors Q5 and Q6 exceeding the temperature limitation of junction of 
npn or pnp, and resulting in destruction at last by this repeat. 

[0074] So, with this operation gestalt, when the electrical potential difference between base 
emitters rises by self-generation of heat of transistors Q5 and Q6, in order to decrease this 
electrical potential difference between base emitters, as shown in drawing 9 , the 
thermistor 26 which has the same resistance as this resistance of 16.2 ohms was connected 
to juxtaposition so that the by-pass of the 16.2-ohm resistance 25 between the collector 
collectors of transistors Q3 and Q4 might be carried out. A thermistor has negative 
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resistance, namely, if temperature rises, it has the property that resistance decreases. 
Then, by connecting the thermistor 26 which has the same resistance so that the bypass of 
this may be carried out to the 16.2-ohm resistance 25 and juxtaposition which specify the 
electrical potential difference between base emitters of transistors Q5 and Q6, and which 
were mentioned above Even if the current value of 30mA between the collector emitters of 
the transistors Q3 and Q4 mentioned above does not change, the electrical potential 
difference between base emitters of the transistors Q5 and Q6 as a product with a current 
value [ this ] of 30mA decreases with the rise of temperature. Therefore, since VBE falls 
with a temperature rise as shown in drawing 10 (b), IC (collector current) is also changed 
in the reduction direction, and a thermal run away is prevented. 

[0075] Thus, it is made to operate with this operation gestalt in an active region in the 
circuitry shown in drawing 9 by always passing a current to transistors Q3 and Q4, and Q5 
and Q6 (the so-called Class A actuation of amplifier). While being able to enable 
magnification o^ a drive wave in a short time of 2 microseconds (microsecond) When the 
electrical potential difference between the base emitters rises by self-generation of heat of 
transistors Q5 and Q6, in order to decrease this electrical potential difference between 
base emitters That thermal run away can also be prevented by connecting to juxtaposition 
the thermistor 26 which has the same resistance as this resistance of 16.2 ohms so that the 
bypass of the 16.2-ohm resistance 25 between the collector collectors of transistors Q3 and 
Q4 may be carried out. Especially a thermal-run-away prevention circuit such using a 
thermistor is the relation of a tooth space etc., when a limitation is in heat dissipation, and 
on a design, when the magnitude of a heat sink receives a limit, it is effective. 
[0076] in addition, the time of preparing a thermistor necessarily not being restricted to 
the part shown in drawing 9 , and temperature rising " the electrical potential difference 
between base emitters of transistors Q5 and Q6 - the reduction direction " even changing 
- since what is necessary is just to carry out, even if it prepares a thermistor between the 
base emitters of a transistor Q5 and prepares one thermistor also between one and the 
base emitter of a transistor Q6, the same effectiveness is acquired, for example. However, 
when the cost for two is [ a thermistor ] needed in this case and variation is in the property 
of two thermistors, it will have a bad influence on the magnification property of the whole 
circuit. With this operation gestalt, since what is necessary is just to prepare one 
thermistor, it is advantageous in cost and does not need to be anxious about the effect by 
the variation in the property of a thermistor. 

[0077] The example which applied the drive wave generation equipment of the gestalt of 
this operation to the ink jet printer here is shown in drawing 11 . 

[0078] This ink jet printer consists of a printer controller 31 and a print engine 32, as 
shown in drawing 11 . 

[0079] The interface 34 whose printer controller 31 receives the print data from host 
computer 33 grade etc. (henceforth "I/F"), RAM35 which performs various data storages 
etc., and ROM36 which functions as the data-point preservation section 1 in the gestalt of 
this operation while having memorized the routine for various data processing etc., CPU37 
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which similarly functions as data-point read-out section 3A, temperature compensation 
section 3B, and data-point transducer 3C while playing the central role of various control, 
The gate array 38 which functions as the data-point interpolation section 5 while 
performing maintenance, the spawn process, etc. of the current value which drives the 
carriage device mentioned later, The oscillator circuit 39 which serves as criteria of various 
data processing in a printer, for example, emits a 40MHz clock signal (CK), D/A 
converter7A and low pass filter (LPF) 7B which constitute the D/A transducer 7 in the 
gestalt of this operation, It has I/F41 for transmitting the driving signal outputted from the 
amplifying circuit (amplifier) 40 which similarly constitutes the signal amplifier 9, and the 
printing data developed by dot pattern data (bit map data) and an amplifying circuit 
(amplifier) 40 to the print engine 32. 

[0080] The print engine 32 is equipped with a print head 42, carriage 43, and the carriage 
device 44. A print head 42 has many nozzles and makes an ink droplet breathe out from 
each nozzle to predetermined timing. Synchronizing with the clock signal (CK) from an 
oscillator circuit 39, the serial transmission of the printing data developed by dot pattern 
data is carried out to the shift register 45 in a print head 42 from I/F41. This printing data 
(SI) by which serial transmission was carried out is once latched by the latch circuit 46. 
The pressure up of the latched printing data is carried out by the level shifter 47 which is a 
voltage amplifier to the predetermined electrical-potential* difference value of about 40 
volts which can drive a switching circuit 48. The printing data by which the pressure up 
was carried out to the predetermined electrical-potential-difference value are given to a 
switching circuit 48. The driving signal (COM) outputted from the amplifying circuit 
(amplifier) 40 is impressed to the input side of a switching circuit 48, and the piezoelectric 
transducer 23 is connected to the output side of a switching circuit 48. 
[0081] Moreover, the thermistor 49 is formed in the print head 42. This thermistor 49 
functions as temperature compensation section 3B with CPU37, as mentioned above. 
Namely, since it has negative resistance, for example resistance will decrease if 
temperature rises, this resistance value change is changed into an electrical signal (TS), 
and as for a thermistor 49, CPU37 amends the data of the coordinate value of two or more 
points in a drive wave in response to this electrical signal (TS), as mentioned above. 
[0082] In addition, like the same temperature compensation in the conventional example, 
although this temperature compensation can also be performed for every printing for 1 
page, or printing for one line, whenever printing for 1 page is completed, it shall be 
performed with the gestalt of this operation. In addition, a driving signal (COM) will be 
impressed to each piezoelectric transducer, and a shift register 45, a latch circuit 46, a level 
shifter 47, a switching circuit 48, and a piezoelectric transducer 23 will displace each 
piezoelectric transducer according to the drive wave of a driving signal (COM), if the bit 
data which join each switching device of the switching circuit 48 which consists of two or 
more components which were equivalent to each nozzle of a print head 42, respectively, for 
example, is constituted as an analog switch are "1." On the contrary, if the bit data which 
join each switching device are "0", the driving signal (COM) to each piezoelectric 
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transducer will be intercepted, and each piezoelectric transducer will hold the last charge. 
[0083] Now, it sets to the ink jet printer which applied the drive wave generation 
equipment of the gestalt of this operation. For example, if the printing data developed by 
the dot pattern data which join a switching circuit 48 are "1" When the driving signal 
(COM) which consists of desired drive wave e' is impressed to a piezoelectric transducer 23 
as mentioned above, and a piezoelectric transducer 23 expands and contracts according to 
this driving signal According to drive wave e\ an ink droplet is breathed out from the 
nozzle concerned, and the dot of the gradation value corresponding to drive wave e' is 
formed. On the other hand, if the printing data, which join a switching circuit 48 are "0", 
supply of the driving signal (COM) to a piezoelectric transducer 23 will be intercepted. 
Thereby, while printing according to dot pattern data, the ink droplet from which weight 
differs from the same nozzle can be made to breathe out, the diameter of a record dot in the 
record paper is adjusted to adjustable, and a high- definition multi- gradation image can be 
printed. 

[0084] Next, the drive wave generation equipment concerning the gestalt of operation of 
the 2nd of this invention is explained. 

[0085] although the drive wave generation equipment concerning the gestalt of this 2nd 
operation have the same configuration as the drive wave generation equipment of the 
gestalt of the 1st operation , and abbreviation showed in drawing 1 - data-point 
transducer 3C - not having - drive wave a-f of plurality [ section / 1 / data-point 
preservation ] - it be the description to save from the start the data of two or more 
breaking points which boil , respectively and can set as data of a relative -coordinate value . 
[0086] namely, with the drive wave generation equipment of the gestalt of this operation 
The designer of a printer beforehand the axis of abscissa of two or more breaking points 
which can be set to two or more drive wave a f which asked for the electrical potential 
difference etc. in consideration of the ink condition in predetermined temperature like the 
gestalt of the 1st operation Time amount t Although the coordinate value in the system of 
coordinates which made the axis of ordinate the electrical potential difference v is written 
in the predetermined storage region of the data-point preservation section 1 (ROM36), the 
coordinate value in not the absolute coordinate shown in drawing 5 (a) but the relative 
coordinate shown in drawing 5 (b) is saved. 

[0087] In addition, with the gestalt of this operation, it has been 50ns between the start of 
a clock, using [ therefore ] the 20MHz clock outputted from an oscillator circuit 39 as a 
reference clock of D/A converter 7A as it is. 

[0088] By the relative coordinate, as shown in drawing 5 (b), if it is set to N 2- 2 and deltaV 
is added two N, in the start part of the beginning of the drive wave e mentioned above, it 
turns out that it can move to the following breaking point (N3, delta V). Thus, since the 
data -point preservation section 1 (ROM36) has data of deltaV beforehand with the gestalt 
of this operation, it is possible to fully process interpolation of a data point etc. also within 
the short time amount of 50ns. 

[0089] Moreover, unlike the gestalt of the 1st operation, transform processing from the 
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absolute coordinate value of the data point based on CPU37 to a relative-coordinate value 
becomes unnecessary. Therefore, with the gestalt of this operation, when the data-point 
interpolation section 5 interpolates the value between points to the data of the 
relative-coordinate value of two or more points of a drive wave which temperature 
compensation section 3B amended, the drive wave which considered that environmental 
temperature mentioned above is generated. 

[0090] In addition, although temperature compensation section 3B amended the coordinate 
data and the drive wave was generated based on environmental temperature with the 1st 
[ more than ] and the 2nd operation gestalt supposing the condition of the ink in the case of 
printing, of course, it is also possible for the environmental condition which should be 
taken into consideration not to be restricted only to temperature, and to assume the 
condition of the ink in the case of printing based on environmental humidity. 
[0091] furthermore - the - one - and - the - two - operation - a gestalt - **** - 
coordinate data - a group (drive wave a f coordinate data of a breaking point which boils, 
respectively and can be set) - plurality (a-fl - preparation - carrying out - having - these 
-- plurality - preparation - carrying out - having - **** - coordinate data " a group - 
either (for example, coordinate data of the breaking point in the drive wave e) - alternative 
- reading - gradation - data - corresponding - a drive - a wave - e - - having 
generated - although - the 3rd and 4th following operation gestalten - being possible . 
[0092] First, as 3rd operation gestalt, a coordinate data group is read, one drive wave is 
made, the part of this drive wave is used alternatively, and it is possible to drive a print 
head according to gradation data. 

[0093] Namely, if it explains using drive wave a-f of drawing 1 , a coordinate data group 
will be read. For example, only one drive wave which compounds the drive wave a, and b 
and c sequentially in this order, and includes the pulse of two or more trapezoidal waves is 
prepared. In the case of the gradation value 0, the pulses a, b, and c of a trapezoidal wave 
all are not chosen as (000), but the case of the gradation value 1 makes the pulse a of a 
trapezoidal wave drive alternatively as (100). similarly, in the case of the gradation value 2, 

the pulse b of a trapezoidal wave is alternatively driven as (010) - making in the case of 

the gradation value 6, it is making only the pulses b and c of a trapezoidal wave drive 
alternatively as (0 1 1) etc. 

[0094] Moreover, as 4th operation gestalt, a part of coordinate data group may be read 
alternatively, the drive wave corresponding to gradation data may be made suitably, and 
you may also consider driving a print head using this drive wave. 

[0095] That is, it is the case where read coordinate data alternatively and various waves 
are made out of the wave currently prepared one according to the gradation value using 
the coordinate data. In this case, if it explains using drive wave a-f of drawing 1 even if it 
attaches For example, read alternatively a part of coordinate data group [coordinate data 
[ to e0-e9 ] (X0, Y0) * (X9, Y9)] [coordinate data [ to e0-e5 ] (X0, Y0) - (X5, Y5)] of the drive 
wave e, and the drive wave corresponding to the gradation value 1 is made. It is driving a 
print head using this drive wave etc. 
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[0096] What is necessary is just to acquire a drive wave programmably using the 
coordinate data group for drive wave generation saved beforehand, since how to make a 
drive wave can consider various things so that these [ 3rd ] and the 4th operation gestalt 
may also show. 

[0097] Furthermore, the 5th operation gestalt as shown in drawing 12 is also possible. 
[0098] As opposed to saving the coordinate data in the data-point preservation section 1, 
interpolating this with the 4th operation gestalt, and generating a wave namely, the 1- 
mentioned above - with this 5th operation gestalt In the data-point preservation section 1, 
as shown in drawing 12 , P1-P9 which are shown, some of (PERT) data, for example, these 
drawings, of a drive wave, are saved, and this is made to correspond to a gradation value, 
and CPU chooses suitably, combines and generates a drive wave (parts preservation 
method). A desired drive wave is programmably generable only by changing some 
[ wave-like ] data to save, or changing the method of selection or combination also with this 
operation gestalt. Moreover, with this operation gestalt, interpolation processing becomes 
unnecessary. 

[0099] As mentioned above, although this invention was described about various operation 
gestalten, as for this invention, it is needless to say that it is applied even if attached to the 
drive wave generation equipment which does not have other operation gestalten, for 
example, temperature compensation section 3B etc., within the limits of invention which is 
not restricted to the above operation gestalt and indicated by the claim. 
[0100] Moreover, the drive wave generated is restricted only to neither a trapezoidal wave 
nor a straight line, and interpolation or carrying out carrying out spline interpolation etc. 
and generating the drive wave of various curvilinear configurations are also considered 
with a curve in the coordinate data group saved. 
[0101] 

[Effect of the Invention] As explained above, according to the drive wave generation 
equipment and the drive wave generation method of an ink jet type print head concerning 
this invention By saving beforehand the coordinate data group for drive wave generation, 
and the data constellation of a wave-like part, reading this data constellation, and 
interpolating the value between points Or it writes as the configuration amplified and 
outputted after making the drive wave and carrying out D/A conversion of the signal of this 
drive wave by choosing some data of a drive wave suitably and combining them. By easy 
actuation of saving beforehand the data constellation for generating the drive wave used 
by the printer concerned, a desired drive wave can be acquired programmably. 
[0102] moreover, the thing for which the algorithm which interpolates the value between 
the coordinate data to save and a point is changed - or since a large number and a 
complicated drive wave can be generated by changing the wave-like partial data to save 
and the algorithm of selection and combination, many gradation expressions are attained. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the functional block diagram showing the configuration of the drive wave 
generation equipment of the ink jet type print head concerning the gestalt of operation of 
the 1st of this invention. 

[Drawing 2] In the drive wave generation equipment shown in drawing 1 , it is drawing 
showing the coordinate data group which should be saved in the data-point preservation 
section 1. 

[Drawing 3] It is drawing showing the approach of the temperature compensation by 
temperature compensation section 3B to the coordinate data group in the drive wave 
generation equipment shown in drawing 1 . 

[Drawing 4] It is the flow chart of the temperature compensation by temperature 
compensation section 3B to the coordinate data group in the drive wave generation 
equipment shown in drawing 1 . 

[Drawing 5] In tn« drive wave generation equipment shown in drawing 1 f it is drawing for 
explaining the store method of the data of the coordinate value of two or more points of 
a drive wave, and drawing in which (a) shows the absolute coordinate value, and (b) are 
drawings showing the relative-coordinate value. 

[Drawing 6] It is drawing showing the interpolation approach of the value between the 
points by the data-point interpolation section 5 to the coordinate data group in the drive 
wave generation equipment shown in drawing 1 , and drawing in which (a) shows the 
interpolation section, and (b) are drawings for explaining the algorithm of interpolation 
count of the section. 

[Drawing 7] It is drawing showing the wave-like output method by the data-point 
interpolation section 5 in the drive wave generation equipment shown in drawing 1 , and 
drawing in which (a) shows the wave which should be outputted and section, and (b) are 
the flow charts of the wave output. 

[Drawing 8] It is drawing for explaining actuation of D/A converter 7A in the drive wave 
generation equipment shown in drawing 1 , and (a) is drawing in which the clock and (b) 
show the digital data, and (c) shows the analog output. 

[Drawing 9] It is drawing showing the configuration of the signal amplifier 9 in the drive 
wave generation equipment shown in drawing 1 . 

[Drawing 10] It is drawing for explaining change of the collector current by 
self-generation of heat of the transistor in the amplifying circuit shown in drawing 9 etc., 
and (a) shows the case where (b) prepares the thermistor for thermal-run-away 
prevention, when not preparing the thermistor for thermal-run-away prevention. 
[Drawing 11] It is drawing showing the example which applied the gestalt of operation of 
the 1st of this invention to the ink jet printer. 

[Drawing 12] It is drawing for explaining the gestalt of operation of the 5th of this 
invention. 

[Drawing 13] It is drawing for explaining the conventional head drive circuit, and is 
drawing in which (a) shows the conceptual diagram and (b) shows the generation method 
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of the drive wave. 

[Description of Notations] 

1 Data-Point Preservation Section 

3A Data-point read-out section 

3B Temperature compensation section 

3C Data-point transducer 

5 Data-Point Interpolation Section 

7 D/A Transducer 

7A D/A converter 

7B Low pass filter (LPF) 

9 Signal Amplifier 

Drive wave 

b Drive wave 

c Drive wave 

d Drive wave 

e Drive wave 

f Drive wave 

e' Desired drive wave 



[Translation done.] 
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(57) [Sffi] 

[»«] nm^»^mm<om»mm^^ y?^? 

t ±IBgr oSitcS-J ^TjaSM jE« 3 B (c X 




am 













(2) 



ftpg3|Zl 1 -2 0 2 0 3 



[11**1 1 i: fe 1 ott«o£*;ixT^5K»a 

y K©K»«?K*fi!c««»-*3^T, 

$8®o 20 

[ft** 2] '>*< irt lo(4S5e$ix-CV^i?»S 

:/y y^y Y%Wm*Z><<l'9V*y b^V > 

asti-s^y^^^y h^y Y<omtdm& 
[fl**3] M**2tE^^^y^^^y h^y > 40 

[lf**4] |»*3«21E«0>r>^ v^aiy b^y ^ 
«HEffi«T-^B*tt^ta LTlEttS^* 1 oft <9 ft 



^^s'W^y^y Ktf>I2»8»£l88tio 

[11**5 ) it**2ieffio^y^^^^ h^yy v 

[it** 6 ] it** 2 ~ii** 5 mm<o^ > t v 
M&mmmzztm lx k * b ^r^-t^m^m^ 

go 

[ft** 7 ] If** 2 -It** 5 mmvj Is 9 Vol? 

flfrlEK»8?BS:*iJfflt"C h£»$Lfcv«W<0»& 
tt, 4*Six5il2»8»3&Sitill^fc5w^*»«t1-S 

^fy^^xy h^y > b^y Y(Dmmm^^mm.o 
[it** s ] it** 2 -if ** 7 ie«<^ > t ^ y 

[it**9] m*3S8ie«^v^v?*s/ h^yv 

#«-t-5 r t *»*i:i-5>f i?* y h^y > 
[it**i o] m#m8&m<Ds< >y-i/*y 

V h^y K^S2»8»^rit8«t-*5^T, 

h^y V 

y YomWi&MQif&giWo 

[|f**l 1] if**l-l O&mtD'O'Pi/*? b 

^yy> b^y b*<nmmmz£j&$imz%>i"x, mmm 

b^y K<0iE»a»*fifc8ft, 

[|f**l 2] 11**1 lfE<RO-f b&7 

y > y<Dmmmt$L&Wim^te^x, sMs«tt« 



(3) 



»BW1 1-20203 



14] t h l o(i«S* titv^SRIft 

b*omW)mz±f&Jjfe^&^x, 

mm*r- $ (w J; 9 fls <9 iti $ Mtmt&mm 

n ^«*Sr J: 0 *«+ 6 * t y ^ t £ 
^l-zztZftrnti-z^^tit^y b^V y b^y 

5] 4fE«OM'>^>^s' 

[§»*Si 6] W*Si sEtt^y^^xy hsty 



r7°y V h^y K*lMH-5>f V^i?** h^y > h 

20 [*WOl¥ftl3&tt^] 

[0 0 0 1 ] 

L, »lc, J f'4?)IE«$ : &-C*3<ffi«7 f -^«:«x.S^^ 

30 [0 0 0 2] 

(It*|pl) tc#»(7)/ X/vSr«x.fc7 p y > b^y 

y-r— ^ics-^v^x, yyyh^7 W/X/i' 
40 M»1-6wt(cJ:i?, WJ#f?:bft£c r<Dj;9lc^y 

4X4, 8 x SifroiaSkO h-C«ai"5 ri:tcJ:o 

x^rmmzm^z^mmmzti, kic, #K^h 

«>5JS«^«ffl*n"t^5o w<Dj:^lc, 



(4) 



i$B9¥l 1 -2 0 2 0 3 



[0 0 0 3] (tW^v?xy h*^!)yKj/K<0 

9»fifc$iifclfilK*fflv\ ^**3E»I (pwm) 

* (JE«S»*) (c«ffif*[ULAixi-5-^^J:(!)Blfa 

[0 0 0 4] 3&^5ffi*0*JO^y KiMttllttRO^jaS 
nfilHitlS^^S^lll^llll 3 (a) , (b) |:^to 10 
[0 0 0 5] ip*>, ffi*<7>^s/ KUlftlslBW:* Hi 3 

(a) 1^1" J: 5 (C, «ffij&SffliH]£*l3£KffiLT>f > 

f^^Stl, :jlf>h7^^#*©ON/OFF 

li, ^ ix^ti±» Lfc P WM**H*J*t S^Vu* ic J: «9 

[0 0 0 6] ififc$tt51Hfttt»tt, HI 3 20 

(b) KjjH*<fc5l-, «ffi* s # h7>i/X?<DONmm 
(PWM*^*3tt5^V^«) -C**f9, (i 

iiEL^EWfift^C t #«ftR l ~R 6 £ <Z>Sgai-*s 

[0 0 0 7] 

[0 0 0 8] LA»t, Hi 3 (a) j&»£>9! feJ^* <fc 5 30 

So 

[0 0 0 9] *3BW(i, ±E<0«fc5fc«*^S»Wfi^ 

[ooio] *3sw^tt^BWtt, #<^ra^ 

[0011] 

RWlcWS^ h^7°y KOiZBifiJB so 



6 

[0 0 12] BP%, B#*2lc«53Wj"CWU 
SrfiJfflLXBPx-^ICDStr^y > b^ KfciMBri- 

%%1rZ>mtT-?&ft*®b. MEMf***)**^ 

[0013] ^AfEfts^fiSffl^jsaix-^ft^fts 

mi^j:^. mmm^xmrncommmt*-?* 

[0 0 14] mc. »#35 3ic«5J6Weii, SftEffi 

[0 0 15] »3R3l4|r«53gW"C-^ fl(rEffi« 

x-^^^^ttlL-Ci^ib^^lo^^diL. ttiEA 

[0016] «*)S5(c«s3Bwcii, mmmm 

[0 0 17] I**«5lI«S3EWCIi, W±IC*5 



(5) 



1 -2 0 2 0 3 



[0 0 18] 7(C«5*WCfi, £Jl±iC*3 

[0 0 19] »**8(c«5*W(4, IK, BPB'i 

5MlE#aS:#i-Sri: LT^S. 
[0 0 2 0] r*U;:J:?K BlfcttjetrtfflWJfiffT-^ 

[0021] me, »i*3i9H«536WT?(i, '>*< - 

[0 0 2 2] tot, fP^^(7?lt^rUS^±iE^f)S^ 
[0 0 2 3] «*3Sl 0JC«5«W"Ctt, '>fc< 

[0 0 2 4] r*ucj;!9, waijf 
[0 0 2 5] JEtc. l l lc«S3g«T*tt. iKfiEft 

E 5 fc£>t^ HlflE 1 *f£0 h 7 Vv>**tf>g £ 

WcffiftLfcr Ut^c 
[0 0 2 6] h 7 ^ «rfitt««t*iff^5 : i 

* <D g LT tAttSfit*^!- J: <9 Stttt 

[0 0 2 7] adlEAtt«St*^i:LTt±lJ— ^^^Srffl <o 

[0 0 2 8] Sfc, 1 7 KffiSJgUK-M:. Mt)& 

^*4*i-5fc*(Z)«»»»^y-^B«r«#.LT*5 

IBi-;:**»»£LT^5o , 

[0 0 2 9] ; f«)«#LT*5<«»S»07 f -^»*3E 

( t -C y n ^ 7 y /He f2M jfil? «r £ L » 6 0 
[0 0 3 0] so 



I£W©l£lft0>»«] BIT, Elffii::*oV"t#3g^<7)H 
JE^litco^rBttlwRWrSo 

[oo3i] **w<o» i <omik<DMWt\z&z>mto&M 

$^Sfc*olfiSk©iEi(iiKJig4:*fi!tL, ritkfclMliift 

So' 

[0 0 3 2] **lfi©»ISK>Bft*»^fi8K«tt, H 1 

It Lfca»8a>fe/*5«»<ol»«» a - f SrfflS L, 

^*^Lfc6JBS©»r;hj£) <r>*r—9*W8Mfi> s f ;: s$ 
frr-fk LT«flFL-C*3<tt»7 f -^«flF«l ^ £P 

gij4>^^x-^^s^^T^x-^^#a5i^b^ 

(!El6ifi^e(C*3ttSXT?*^Lfcl OlWtffJX*. « 
TP L) <Dffi«ttO7 f -^^S.ft?aSi:±lE0f*©ia* 
t^SI(w*o^^Ta**jELrffl*-r6rfl«*|jEtt3 B 

iasajEaaBotti^Lfcaft^ffiwii^r-^ 

(0«^ffi««©^-^tc*tL^BBro«Sr«PflLr8?g4r 

[0 0 3 3] «»1-SJ:5(-, 
TJ3^fca»©|g»iS?Ba- f (Ci3(t5*»* (Ell* 

x-t?**) <D%Mz&fm, wm&wzt Ltzm^om 

«tt35SSRROM<OBlfSo|E«««l-«#$ix5o 
[0 0 3 4] jK»-r-^RttJ»3Att, m£<7 ] J>? 

[ 0 0 3 5] ^ijES3Bii, ^^CPUt, ^^1" 
ffii&Si:^P B 1<0fiSiffi(7)aEfbSr«*«*(-K**L, r(7? 



(6) 



#BB¥l 1 -2 0 2 0 3 



»/& IEBa» elegit SXt?*^Lfcl OB 

shie^ 3 b am* Lizim&to&mmnT-* zmn 

[0 0 3 6] «Jgr-**lfiMB5li, ^-hTWCJ; 

j6»J&S£j#£*lS, D/A£»«7t*, D/A 10 
TAitettaa?^* (LPF) 

AH. lObit, 5 0MP S (Mfc* tf- 5 0M 

[0 0 3 7] »L 
filUB^?>Ji»»:4 0MH z n s>^*tH*U Z(D 

2 0MHz^^^l:tt, D/A3E*ffi7Tffll>5 

Kli, 1 6 b i t (O-r — V- 
4»"efe 1 6 b i t-eW-Mt1"6* s , D/A3^-^7A 
ClilOb i t <D=f— ?tf-$7LbtlZ>£ jlzLtZo 
(4, $ii:<C^ J: 5 ^-hTWCIi 

O K&£*£< Lt^St, J£KLfc*S*<Z)±ffil 0 
b i t£«JBU D/A3^<-^7Al:ffl*tSfcit) 
"CfcS. 9 li, *«!sIK (T^y) Hi Din 

D/AS!»9S7(cJ:i9r^-D^Sl$nfciE» 
y v K (JEttS**) £SE»T£ 

*«E*-c*g«LTUtf3i-3 0 wjitct assES 30 

■So 

[0038] j^t. *nm<DWM<omw\&wi*-f&mw<D 

{^t:o^t, licit 02 -Hi 0^^#iU 
[0 0 3 9] *H*^HB©ig»«^fiRKB«rfllv^ 

(@ 1 * X T?*^) 0>*Wft£B*BO t , «Wi£r«E vtl 40 
fcffiS^r^lfeWffiffttiiK^-^ftSWi (RO 

jsotbhrti*, a#^y y ^^<z)ttffl»»«aa35Sfti 0 

[0 0 4 0] fi|l*>, Mb«7Ke4&li* H2H 

0ffl©*T*W£e 0~e 9^M»W B n, KM 
S:«ffiv t Lfc«*tJS«(Z>« (X0, Y0) - (X9, 
Y9) -C«#1-5o IrI*^^**, W^tf, so 
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[0 0 4 1] *3Hfi©»«"Ctt, 2 5tC 

[0 0 4 2] *jtlft©»ISWil2»ttJB*J«3g«* 

ffl^fc^^^^y h^y ^^jcj:$wJ8y* s *ff*n 

-*Wfcb» 3 Aic J: «9 8»^--*«ff« l 0>±3* LfcK 
If, |g»»?Ke(C*3(t5aft*ie 0-e 9©f f -^^a 
[004 3] it^T, ro«^U3$tLfcHI**e 0~e 
9, 3r^©MW-e, EpgiJ*of*«aS*-bfE2 5t:£tf> 

[0044] -o-^is, «i&Tt±*ke>!&»<, (SifiTtia 
< as. ^frmzf-t&ftn 1 \z.®m&j&v>m.m7 t - 
^*«#LT*3<B#t*iRoH]JsiJ4 , tT-ii, 
«ai-s»&a s fc<9* *fc, ffl*j*i;:*3^T<b, 

oT, ±|E2 sricfcttS^t^SiZSHift^^y K 
tcaD;L5fffiSr:/y v^ttffl*<OS«lc^fei3:TliiE1- 

[0 0 4 5] ffiJfcO^y KUBUg&ICfc^Tfc, M*. 
(f, iM^^TOJ^^Ti-^rirH, ^*POffl*l*jE^: 

IZBa^lcWUfiKWjESrtToT^S^, ***<0»li 
Tte, jK^-^ttfflfflSAH^ijR^tasttfciEibiS 

[0 0 4 6] ffi»8»el4, i3l:^tJ;9 

^^glilE^n^oT, ±£LT, MflttEV 
Htt»M«JEVC!6S, 8lBiJ+<0»»ja«36S2 5*CJ: !9« 
v^icttiOfi^aEic. 2 st^&v^ciSJ;^ 

e 0-e 9(75Jfi^{I(Dx-^^iEStl6o 

$ HT&gliiEgfl 3 B CPU H A* S ^ 

CPUii, ^«)ROM(C»#$jxTV^^fei<7>jaK 
*|iE^ (Mm Cftot, Fllxlf, f»tt«ero«ft« 
eO-e g^ite^ll^Offi^MtDx-^^lljEL, 
OlH»WBlB'Jt-*3V^T(4, WeO-e9©IIE^ 

[0 0 4 7] H4te, J&^S?fi*lfiiE«r^1-7 o-^^r 



(7) 
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[0 0 4 8] ip-ib, £1\ m 4 ICTfk-f X 0 IC, r^S^tB 
«£LTlT-5;**l;:J:!9Sft?&«£»WL (S4 0 
1) , 2 5 < C^a*K»**^SaEfflSt©*»«rtt* 

+s (S4 0 2) o tt^r, ^©a»*s^aftasjc 

»Lfc«***fi!lL (S 4 0 3) , K£fiS;Lfc«i«&tH 

(S4 04) 0 r^i^^ry^ii^W 

r^lC^^iSi-r id* 5 (S 4 0 5, S 4 0 6) 0 
[0 0 4 9] Z<DU£ffijE<Dm\a*. ffilE£tltzm&& 

[0050] s-r, laattjESjxfcttttrotffii^wjew 

*HMil0>^ - * twiter- ? « *tt 3 C tc J; 19 « »ffi« 

*uss:*fi6+ z>&$&(Dmt m^<omo 2 oxt tfcffis 

[0 0 5 1 ] rrT\ a»©HfiuS07 ? -^Srl6*fJffi« 

<o H5 (a) , (b) fc, ^S^tP«2»«»^6 
o<0#f*lJ& (#Rf*\ ±IEIE»«» e <Z> e 0-e 5*"C 

ML 15 (b) (i*3^-C**T?^-*-^^iH, P1I 

D/A3>/W7Al:i58« (iJ-^y >iJ0 Jiffi 

£^rf 0 D/A = W<-^7AlCj:5iS»SJe<OttJ*« 

*#7^o^8E*£ft5*»e>, ^om^mjEitov (0 

000000000) ^b2V (111111111 30 

1) *-e©mt?fiixS-i:(-4So 0-2 Vtf>Masi 0 
2 4ii^tI^f l l$tt6(DT\ AV(±**l2mV, ip*>, 1 

[0 0 5 2)^1HTU B5 (a) {C^t <fc 5 

V=Yn+l -Yn/Xn+1 ~ X n , fCT^tf) bft 

[0 0 5 3]-*, ft>ttffi«-Ctt, H5 (b) (l^+«t 

N 2 = 2 £ # <9 , A V £ N 2 laliD JH"ixtf , ft^ffn^ 40 
(N3, AV) |:8BT#5:t*«M»5o 
[0 0 5 4] r<E>J;5l::, «ft*>tf;hj£ol6#ffi«tttf> 

7 s - * tsjRT*- * s«n 3 c «t i9 mttmmfiKOT*- 

!9»f£+3J&v r^y- K7 WCIi, l-fvytmz. 
AVtof+gL (»Jf9») £^trfctf>, t+W^tf-MSWIw 
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[0 0 5 5] U6 (a) l^+IilbiftTg e <D e 

[0 0 5 6] *f\ n, n + i EW"C«>ltJHHl»Sr, 
f+^[£i^=T n + i -Tn/s (fy^yv^) , 

1 f->^y >^B*P.fl<0*T y 7%*, 

AV = Vn + l -Vn /fHWfilft 

ir-fSA:, 06 (b) ic^-f-j; n j&»fcn + i 
[0 0 5 7] AVtDm^O iy~>7V y»W^fi/ 

ft^#£>btu :n^^tn 35»bn + i ^<D#th1k& 

[0058] mc, torn?- * mum zc&m&LtiiSL 

ft ©*ftuS wttWffiWii^x - * M** LSfli&f*- * tSBH 
A 5 dSjSM^ilSrlSM-r 6 r £ (c J: 19 , ±3* 

[0 0 5 9] ±*Lfctf*lE]SfcAV<B»i, Sfl^x- 

[0 0 6 0] 117 (a) tc^i"J:5(^ ±ifi L 

fciE»«JBetC*5lt6EPai (elHe2) <h ^ 2 

(e2^e3) $r%X.6 0 :oH^H^el 
(^ilJ^Vn , EPfll OJftjfte 2<Dmj££Vn+i t + 
5 A:, A V(Dftl^:^i6^tiXt^^T\ fHHlftmlHlB 
(Dm&v™ > »Kle]ft«+i [HJSom/EVm+i $rH7 

(b) c^t7D-T^^6: ^3iS"C#So ap^x i7 

(a) I^LfcEPai^>»»a*i±, HI 7 (b) [C^f 
J;5tC Cm+i =C m + 1 #W-*Ih1RJ: <9/h$i^5 

j&^5J|il]Wf$Jx5 (Si) o fiP*>, f^^iC^^^^^^FO 
TV^T, 1, 2, 3, 4tftxtt^, fo6^3t^fiEI- 
tt^tzb y -fey h Lrfc^EPfl 1 (^^^ > h£§M&1"5 
it©tl:if^JELTSEx.T^#, f+g[Hl^ct 
l9/h*^5*>li«-»Sr«Httr, Vm=v m+ i +AVt; 
/.Cofct) (S2) , D/A^W7HHiMa CS 

3) o ::©<fc5fcft*&EIBi, KB 2, EBB 3, • • 

• • EPfln4^«9 5gLr^ra<o«*s*iw$nfcffiiii« 

[0 06 i]«K, S^x-^liBMStct^MPiBS 

nrf^i9ffiSh,fcBifa^i2»iK»^--^i±, .d/a« 
[0062] rom, cpu^riry- hr wa»&fijt 



(8) 



ftfflW- 1 1 - 2 0 2 0 3 
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Z<DT-?&, D / AjCfta 7 ©D/A = 7 A 

(LPF) 7 BfcJB^TT^n^fB 

[0 0 6 3] r COD/A =« W*-* 7 A<0MflsR9ia>fc 

«>tf>*>f ^ — h £12 8 1^1% 

[0 0 6 4] Ea S (a) d^fJiSlw, »2 0MH 

nfc, mm (b) d^-ri o tr* i^wf^^^f-^ 

355, D/A = W<-* 7 Alw«fc0, IHH (c) [C^irX 
?tC, r^D^ffi*lcS!*SJx6o iifiiSc2 OMHztO 10 

6 *)<Dm\*5 0 n s htiZo 08(a), (b) RXf 
(c) d^-f^iC, ?nv?<D±±tf*)-e, 10tV 

7 £ <DiL±fc "9 £ £±as "9 ©IW<£ 5 0ns ©Wfflrtl-* 
[0 0 6 5] D/A=J W<— * 7 AtCjzSffi^ii, ^O 

ffioT, D/A3W*— * 7 A^ffi^t*, LPF7B& 
[0 0 6 6] 3Elc, D/A£ftffl7tC±0ffl*£ilfc9f 

[0 0 6 7] D/Aa 7 At?li 1 0 If y h©f 

*«EI10 V (0000000000) ^?)2V (11 
llllllll) &X'<Dmr+MthZ>Zk\^J:Z> 0 
[0 0 6 8] LfrLKtfb, ^s/K (EEWfiK^) £1* 
ft+5twtttt4 0 VWlEMetftSO^ 
959 1;: J: [3, D/AK*«7l;:J:!9ttJA$;h,fcT*n> 30 

[0 0 6 9] r.O«-&*«a9^ffl^S«#llHltt (TV 
7°) ©«filc*:ia9(-^-ro 

[0 0 7 0] Z<Dm«EM (T>-7) tt, H9(C7ni-J; 
5(C, »1 9 A, »2©tCl#<Z)h7> 

^2 n:A*snfcD/AjE«»7^f)©aiMtit 

^@iff|1^9A, h7^^QlWQ2, Q3M 
Q4, Q5M*Q6^LT0 V~4 0 VWfMtl^ 

[0 0 7 1 ] i9 lC^-r»«ls]K (7 >7*) "Cli, 2 ^ 
s (W^eg?) £^5£BfBB"C0^4 0 V*"Cfc*>± 

4£Q5, Q6(C#«f«at^«t1-ri:lw < I;i9?Stt««-C so 
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fbf^ (^fc*5««8<BA»ftftO £-££J:?lcLT^ 
5o BPfe, m9(c^rj; F7>y^^Q3, Q4 

• x; y^|B^«B#3 OmA(Dllti)itLt 
*3#, :<0h7^^Q3, Q4^=> • a 

^H(C16. 2Q£>&#l2 5£^&£-£, F7V^^ 
Q5, Q6^- * • 3i* y^H(::^3 OmA^SI 
H6. 2QO&ftft<£>»£ LT, V-IR 
mm) £930 [mA] X16. 2 [Q] -0. 486 
=#*J0. 5 [V] ©«JESrHl*DL-C*5<ri^J:>3, h 
7>^^Q5, Q6(D3l^^ • 3i* s/^BB(Cff«F» 
mA©«8lEfe8i£L-C*5<o 2ms ^ 

[0 0 7 2] BP*?, Hi 0 (a) \Z^irXo^ *> ] J =» 
>*»fmi&S#.L#1-S^ IC - 
VBE 31* s^RWBE) »tt*s|^BItcjlil|-r? 

[0 0 7 3] Lj&»Lfc#fe, ±^LfcJ: 9^, Y7>& 
7^Q5, Q6^-7 * 31* s/^BB<Z)«E(±#l*W 
0. 5 [V] ^H»LT*5<©-e, h7>^^Q5, 

SO (wif?, Ml-, IC-VBE#ttli, BIO (a) 
Q6I1 npnXlipnpOi^W?rit O 

[0074] t:t, h^v^Q 
5, Q6©ie.3B!»(-<t 0^<— ^ • 31* y^BB«E!& s ± 
#-f-<5B#(c, §£-<-x • 3i* ^i?^lE^>$«f: 
#)[;:, m$\Z.7Ft J: 51-* >7>"^^Q3, Q4^3 
- 3 U^^ISOl 6. 2GOgffi2 5£rfli]tt1-£ 
J:5(-, wC0i6. 2 Qo&ffitttl^— <z?«Stt£#+" 

S»tt€r*TLT^S 0 -tr-e, h7^^Q5, Q6 
. 3i* s/^(B«E*ra^1-S±aiLfcl 6. 2 
Q^«JBt2 5 £ftm\zzti&WK1'ZX5lzm-<OfflSL 
«Sr#+5*-^^^2 6 4:S«*r5ri:(r<tl9, ±3* 

3 0mAO«SltllliSEi3e>/«C< Tfc, rC03 0mA(Dm 

31* s^^BB«JEIi, fi«0±#i:*lc«'>i-5 e 

X, 110 (b) lC^1"<fc5lw, VBE«M^ 

(c(6T-*"5^"C, IC (au^^tta) ^^^r^tcSB 

[0 0 7 5] #j!lft»1B"?l±, H9IC^L 

fc@l8«ricl-*3^-C, h7^^Q3, Q4 iQ5, 



(9) 
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5*ffl!ll8-**5J:5iw, :©16. 2 Q£>fe£tfil<i: P— 0) 

£\ *^-;**<DBI«-e, Ktf±, 10 

[0 0 7 61 f— 5**&Rtt50)li, B9i:^L 

7^^Q5, Q6(0^-^ * 3i* y*R|«E*ri*d> 

Q 5W<— * • 31* y^lcf— 5 lo, Vy> 
y^^Q6^-^ • 3i* ^^fllitt-^^^^io 

(^i^Cfit- s. * * # 2 o5>^ * f as#g t * 9 , 

[0077] -rr% *mmmm<Dmm&M$i&imw 

-To 

[0 0 7 8] ^5-Y>^^*3/ 11 
1 (c^-TJ: y"U >#=>h*-y3 1 ir^y 
3i>^>3 2 ir^b«J*$ixS 0 30 

[0079] /yy^3yhn-731|j:, sfc* 

7* — ^ (»T Tl/Fj £^5) 34h ^-St-^ 
0|Ett^^rx9RAM3 5 #«7*-*A&*0fc«>© 

»f-^f»-l i: LTilt6ROM3 6 
T«SB+SCPU3 7 ts ^iil"^)^^ y s/^««£E 

-^*W»5 i Lttitsy- hr w 3 8 i:, ^y 

y^rto^a^-^WLS^SSSirJfcS, fflxJi, 4 0M 
Hz<D?uy?lt%- (CK) Sr3E1-S5S«[fi]B3 9 
*H*©»lBlw*3lt 6 D/ AS*S 7 SrUlfifc-rs D/ A 
3W<-^7AWD-^7^f^^ (LPF) 7B 
C 9 Sr«d£i-6*i«lH]K (T>yQ 

■fSfctf)© I/F4U *r(ix."Ct^o so 



16 

[0 0 8 0] 7"y y h3iy>?>3 2I3, ^JlyKyK 

li, 9gfil°]K3 9frb<D?vyti%^ (CK) |Cfl*]$L 
t\ I/F4U^yyyh^7K4 2^^7M/y 

/cftl^x-* (SI) (i, -0. , 7 7f®B4 6(cJ;o 

Stfc5i/ / <^>7^4 7t:J;ot, >W ;x^[h]S§4 8 
540 tf> bS£<BjSS<0«E<B3:X#E£ 

s/f-|slB4 8lc#x.t>ti5 B ^^«4 8(DAM 

(COM) dSB]ADS^"C*3>9, y^[HlK4 

[0 0 8 1] 7 P !Jyh^i/K4 2(:it 

^ 4 93ftSK*tbixrv^-5 0 r<Z>iJ— 5**4 9t*, ifri& 
Lfc«t5(C, CPU 3 7t*^jaSt|jEffl3Bi:L-C« 
^-r-5 D HP*>, if- 5**4 9tt«tt8tt*r#i-S*» 

r<0«a«<0£fc!&S«*«# (TS) (iSEft^tl, CP 
U3 7li:©t*«f (TS) SrSttT, Ji&LfcJ;? 

[0 0 8 2] r.©?t«*B]E1>, ffi*Ml£*3tt5l?3* 

#<Dwmi>m7i~zzkizftih<DkLK.. «, '>7h 

U^^4 5, -7^7^Ie]?S4 6, U"<;l^>7*4 7, * 
-f * 4 8 &lflE«;fi»^ 2 3 Ztl^tl? y > 

^s/K4 2 0*yXyu^»/6Lfc«»©* J F3&^«fi8; 

r 1 j -Cfcfttf, (COM) ^#EE«fi 

tft^tC^P^n, ^-JESSib^HIIEftW* (COM) O 

b^t>bf-^^ r 0 j tffctitf, ^EESSIfi^^o 
(com) ds*»f$^ ^mm^tli^iittHiico 

[0 0 8 3] SX, *Sllfi<Z)?g|S«oig»«?K^3SBSr 

(i, yf-|HlK4 8IC^JD^5 Ks/ h^^-^T-'-^lC 

M^^nfifn^T-*^ r 1 j -cfctitf, ±SBLfc«t5 
(rBfa^Kfttt® e ' frb&zmmt^ (com) ^ee 

m^KT-2 3lc^n^D^ix, wOiB!IKi«#ti:JCC-CEfl;S 
»*2 3j&M#«&*t5 wtKJ: 0, KftJftJBe ' HJ^i: 



(10) 
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it)^ 2 3 -coM{f ^ (COM) <0*»^iiWfSix5o 

Eft«±<Z)lE»Ky haSrprSEtcH* 
[0 0 8 4] ftic, **W©«2 0|IJ6^«(-««)K 

[0 0 8 5] r©»2©ll*0»ttlC«5iE»a^4fi8 

Hl(C^Lfc*l(7)|llft©**«?ilZ!Bift»^fifc io 

[0086] ip*>, *nmmm<Dmm$irt$Lf&mmx* 

jfi<0«ttt£l*in t , ^li^mJE v £ Lfcffi«*-C©ffi« 20 
tt£S»r-*«#SBl (ROM3 6) ©gf£©E«« 
«lw«#atfdS, 15 (a) lC^tfc»»ffi«-Ctt/«C 
<. Bl 5 Cb) (w^Lfcffi^tffiaitciBttSffiaWSrft* 
LT:fo< 0 

[0 0 8 7] r*K #5SSS<Z>70tfi-Ctt, ^»3 9^b 
{±S*)£ft£2 OMHzO^d 3/££r-t©$£D/A3> 

^©£±#0 ££±^9^1*5 0nsii5. 

[0 0 8 8] «*tffi«-C(l. 15 (b) \Z^LtzX 1 
id. WatfcKftS^e^ftffltO^^iJffl^li, N 30 
2 = 2 t til V* A V£N 2lslAP>[i"tttf, #CO#rft,£ 

(N3, AV) tl»»-e#5r t^ s »^So 

*Hft<0^«6-e(l, (ROM 3 

6) fi{)AVWf-^^oTt^^ 5 0ns 

[0 0 8 9] IlOM^l^^^ CPU 

[0 0 9 0] ffl, W±©«l&t/*2 0)jll6?BI»T-li, 
SUtjEffi 3 B ii J: «9 ffiWT*- * SrttaE LTKft«?KSr£ 

[0 0 9 1 ] lEH, * 1 ^tfiS 2 <0%m&%X*\t, MM so 
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(a~f) rix&IMSffiS 
Sti-cv^ffiar-^fto^-fix^ (Mx.tf, »»»» 

[0 0 9 2] *1\ *3<7>jltt*flBi:LT, MUx-* 

[0 0 9 3] iPfe, Hl(Olt**a-ft:ffl^tttlB 

a, bRt/c *rwWtc^— ^y^-v/Wi^jau-ClSSi: 

Hijl0^#^ti (0 0 0) irL-C^SO^U^a, b 
RXfc^i^ntm^-f. B«Hil©#^(± (10 
0) <t a ©^£S«Wl£MBi£-fr 

60 BHMl2<35»*li (0 10) t ITp^ffi 

tfV^* b <D^£5§tRlftt-I?lb£-&, B^il 

6<©»£l± (011) t LT^MO^;^ b t c *ftt 

[0094] m4<DnvmmkLx* mm?-? 

[0 0 9 5] mh, PBWMi^tlST loffl**iX"C^S 

W-tntf, ^J^iiffifta^eOffiWr-^W [e0~e 
9 4TOl«f-^ (X0, Y0) ~ (X9, Y9) ] 
<D—% [e 0~e 5^T«f-^ (X0, Y0) - 
(X5, Y5) ] *»«tti-K^tbU-CBIW«ll-*tJt 

[0 0 9 6] iixb*3&t/»4©jltt^j|^b , b»* s 

[0 0 9 7] !Et-> HI 1 2 lz^+«t 5 4* 5 om^MM 
[0 0 9 8] IP*,, ±a!Lfc»l-*4(OSI*?BJ6-C 

i?Kiffi^©-^ (^-h) ©f-^, ^J^IfPlia 
|:^tPi-P9^ft#lt*i#, wixSrBIMt(-»lt 

o ^(ommmxt, {^#t 



(11) 
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T:fc<«»<D-«<0x-*&£?L Si/Mi, 

[0 0 9 9] ©jHS^tt^Baurai 

H*»tt, Wx.tfiaK*8E»3B#*«TLftv^|(i«» 
[oioo] ^fefift * tt s jft^ -^iffjlft 10 

[0101] 

[0102] ^^-f^M^x-^^U 5 ^^^ 

[n 1 ] 1 <D$m<oMm\mz><< x y 

[B2] HKc^LfcffiftiS^fiKKBlcio^-c, 

So 

[Q4] iait^LyS:iZ»ft^fifc«lllc*J(tSlS«r 

[lis] igiic^LfcBftifi^fiKasilt-isv^r, Rtt 
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ftoBtfeD, (a) ii*©*fe»ffi«**^1-Ek 
(b) tt*Offi»ffi«tt*^-fH-Cfc$o 
[B6] Hil^tfci2»»»^fiS:K«(w*5itSffia7 f 

B*a*^i-|ll"e*9, (a) tt^wtSWIISBBSr^i- 
BU (b) tt-t©Effl©«BH-K^r^=fyXA*ttW 

■[@7] niic^LfcffiihSt^rtafiat-fettsa^ 

(b) J4^0Dtt»m*<Z)7n-f-^- FT?*>5o 
[B8] ElltC^Lfci2|ll«»4fifc3S«(-i3(tSD/A 

=3 >v<-* 7 A©»f^*»W1-5fc«)OH"Cfc 9 , 
(a) \tt<n$uyt, (b) t^^T^^T-^ 

(c) tt^^T^-o^Hl^^i-BI-efcSo 

[U9] Hl(c^Lfc®»»*^fi!cS«^*3itS«#» 
Hffi 9 ©*Jft £^1~H] T- & £ 0 
[ilO] 0 9fc^Lfcif«@»l-*3tt3 F7^^ 

^itfc^ (a) |±[R*3feK±©fc86<D1^-5^^*' 
Rttfci^*g\ (b) (4fR#*B6±©fc«>(Z?^-5^^ 

[Hi 1] W^lKDlWIH^^^y h 

[Hi 2] *«^©IS5Oj|jftC0»lS«rift^-rsfc«)^> 

[Hi 3] tt*tf>^s> Kii!B!HlKS:ttW-rsfc«>wll-e 
(a) l«<0«;fcllk (b) tt*<omhffl&<0± 
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3 A R^-^Ktiiffl 

3 B fcSMEM 

3C JS^-^SMfeffi 

5 SEJB-r— ^**BB« 

7 D/A£**B 

7A D/A3W<-^ 

7B a—/<*y 4 )V$ (LPF) 

9 

a SKbK^ 
b 

c wmtm 

d eu&i? 

e Wffi6M 

f KttJfiHS 

e ' mwmmtm 
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